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Matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOFMS)
can be used to determine number- and weight-average molecular weights of narrow
polydispersity polymers. In this work, several possible sources of error in determining
molecular weights of polymers with narrow polydispersity by MALDI-TOFMS are rigorously
examined. These include the change in polymer distribution function, broadening or narrow-
ing of the overall distribution, and the truncation of selected oligomer peaks within a
distribution (i.e., the oligomer peaks at the high- and low-mass tails expected to be observed
are not detected). These variations could be brought about by a limited detection sensitivity,
background interference, and/or mass discrimination of oligomer analysis in MALDI-TOFMS.
For narrow polydispersity polystyrenes, it is shown that by using an appropriate MALDI
matrix and sample preparation protocol and a sensitive ion detection instrument, no
systematic errors from these possible variations were detected within the experimental
precision (0.5% relative standard deviation) of the MALDI method. It is concluded that MALDI
mass spectrometry can provide accurate molecular weight and molecular weight distribution
information for narrow polydispersity polymers, at least for polystyrenes examined in this
work. The implications of this finding for polymer analysis are discussed. (J Am Soc Mass
Spectrom 1998, 9, 275–281) © 1998 American Society for Mass Spectrometry
Matrix-assisted laser desorption ionization(MALDI) time-of-flight mass spectrometry(TOFMS) has a demonstrated utility in the
analysis of polymeric systems [1–12]. In particular, it
has been shown that this method can be used to deduce
information on molecular weight and molecular weight
distribution of narrow polydispersity polymers with
high speed and precision [1, 2, 13–20]. However, the
accuracy of this method is difficult to assess due to the
lack of suitable polymer standards of accurately known
molecular weights and molecular weight distributions.
There are several experimental and instrumental factors
that may affect the average weight measurement by
MALDI [21, 22]. A number of studies have shown that
there is a dependence of the measured average molec-
ular weight of narrow disperse polymers on the adduct-
forming cation type [23–25], sample preparation
method [26, 27], laser irradiance [28], and even the type
of mass analyzer [17, 29]. However, in many of these
cases, the variability imparted to the average molecular
weight is minor and has an identifiable source. For
example, average molecular weight differences arising
from changing the nature of the adduct-forming cation
can be attributed to a minimum size requirement in the
stabilization of the cation in the gas phase [30].
In order to measure the average molecular weight
accurately, the MALDI method must be able to generate
a mass spectrum that reflects the actual oligomer dis-
tribution as well as the relative amounts of all oligomers
within the distribution. Sensitivity limitations, back-
ground interference, and/or mass discrimination can
cause a change in the polymer distribution function,
broadening or narrowing of the overall distribution,
and/or truncation of detected oligomer peaks within a
distribution (i.e., missing low- or high-mass tails). Any
one of these variations can result in errors in average
weight determination. Thus, the question of how accu-
rate the MALDI results are for a particular polymeric
system can be addressed by examining the magnitude
of the errors that might arise from these variations. We
have designed several experiments to assess the extent
of these variations and their effects on average molec-
ular weight determined by MALDI-TOFMS. Using
polystyrenes as a model system, the experimental meth-
Address reprint requests to Dr. Liang Li, Department of Chemistry,
University of Alberta, Edmonton, Alberta T6G 2G2, Canada.
© 1998 American Society for Mass Spectrometry. Published by Elsevier Science Inc. Received November 1, 1997
1044-0305/98/$19.00 Revised December 8, 1997
PII S1044-0305(97)00292-4 Accepted December 8, 1997
ods for evaluating the accuracy of the MALDI method
are described.
Experimental
Instrumentation
Mass spectral data were collected on a linear time-lag
focusing MALDI-TOF mass spectrometer. The basic
construction of the instrument has been described else-
where [31]. The instrument has since been modified to
operate up to 30 kV for ion extraction [32]. It features a
four-plate source design with a grid inserted on the
repeller side of the first extraction plate, pulsed ion
extraction for time-lag focusing, and a 1 m linear flight
tube. The ions are generated using the 337 nm laser
beam from a nitrogen laser, having a pulse width of 3 ns
(model VSL 337ND, Laser Sciences Inc., Newton, MA).
Laser fluence was maintained slightly above ion detec-
tion threshold in all analyses. A microchannel plate
(MCP) detector was used for ion detection and a
Hewlett-Packard MALDI data system was used for
mass spectral recording and data processing. This data
system is a modified version of the software used for
the HP Model G2025A MALDI time-of-flight mass
spectrometer, in which the instrument control features
have been disabled. All data were further processed
using the Igor Pro software package (WaveMetrics,
Lake Oswego, OR). No correction of 1/(dm/dt) was
applied to the mass spectra during the conversion of the
time domain to the mass domain [19, 21, 33]. Average
molecular weights (Mn, Mw) were determined directly
from the time domain according to the following equa-
tions [21, 22]:
Mn 5 O ~NiMi!/O Ni
Mw 5 O ~NiMi2!/O NiMi
where Ni and Mi represent signal intensity in peak area
and mass for the oligomer containing i monomers,
respectively. The polydispersity (PD) was determined
from the ratio of Mw to Mn. Average molecular weights
were corrected for the contribution of the cation (Ag1).
In general, mass spectra from 100 laser shots were
summed to produce a final spectrum. The percent
relative standard deviations (% relative standard devi-
ation [RSD]) for the measured Mn and Mw values are
determined from five separate sample loadings. The
precision of the method was determined to be generally
better than 0.5% RSD. All mass spectra shown in the
figures are the smoothed spectra using 30-point
Savitzky-Golay smoothing. No baseline correction was
performed.
Samples and Reagents
Bovine insulin b-chain, bovine ubiquitin, and equine
cytochrome c used in the calibration were obtained
from Sigma (Milwaukee, WI). The matrix used in their
analyses (sinapinic acid) was purchased from Aldrich
(St. Louis, MO). Polystyrene standards with the follow-
ing nominal molecular weights were used in this study:
5050 (Showa Denko, Tokyo, Japan), 7000 (Polymer
Laboratories, Amherst, MA), and 11,600 (Showa
Denko). The molecular weight data from the suppliers
along with the MALDI results obtained from this work
are listed in Table 1. MALDI analyses of these polymers
utilized all-trans retinoic acid as the organic matrix
(Aldrich) [19]. The cationizing species (AgNO3) was
reagent grade and used without further purification.
Tetrahydrofuran (THF) (VWR, Toronto, Canada) used
Table 1. Molecular weight data for polystyrene standards
Polymer standard
Molecular weight and polydispersity
By classical
methodsa By MALDb
Polystyrene 5050 Mn 5 4755 (GPC) Mn 5 5189 (0.5% RSD)
Mw 5 4992 (GPC) Mw 5 5329 (0.5% RSD)
Mn 5 4720 (VPO) PD 5 1.027 6 0.001
Mv 5 4950 (IV)
PD 5 1.05 (GPC)
Polystyrene 7000 Mn 5 6770 (GPC) Mn 5 6998 (0.4% RSD)
Mw 5 6962 (GPC) Mw 5 7132 (0.4% RSD)
Mw 5 7170 (LLS) PD 5 1.019 6 0.001
Mv 5 6943 (IV)
PD 5 1.03 (GPC)
Polystyrene 11,600 Mn 5 11,356 (GPC) Mn 5 11,074 (0.3% RSD)
Mw 5 11,687 (GPC) Mw 5 11,187 (0.3% RSD)
Mw 5 11,000 (LLS) PD 5 1.010 6 0.001
Mv 5 10,720 (IV)
PD 5 1.03 (GPC)
aThese results are provided by the suppliers; GPC, gel permeation chromatography; VPO, vapor pressure osmometry; IV, intrinsic viscosity; LLS,
laser light scattering.
bFrom five trials.
276 ZHU ET AL. J Am Soc Mass Spectrom 1998, 9, 275–281
in the dissolution of the polystyrene and retinoic acid
was pretreated with potassium hydroxide, filtered, then
distilled over sodium metal, in the presence of benzo-
phenone as an indicator of dryness.
Sample Preparation
Polymer samples for MALDI analysis were prepared by
combining the analyte, matrix and cationizing agent in
THF [19, 21]. All-trans retinoic acid was prepared to a
concentration of 0.15 M. In a typical experiment, poly-
mer stock solutions (1 mM, calculated from the nominal
molecular weights) were diluted tenfold with the ma-
trix solution, and 1% (v/v) of a 0.15 M AgNO3 ethanolic
solution was added [for the less sensitive sample prep-
aration method, 0.5% (v/v) of a 0.30 M LiOH solution
was also added]. In the analysis, 1 mL of the appropriate
mixture was added to the MALDI probe tip and al-
lowed to air dry.
Results and Discussion
Polymers do not have exact molecular weight and they
display a distribution of molecular weights. The molec-
ular weight distribution of a particular polymeric sys-
tem depends on the polymerization kinetics and mech-
anism [34]. Various mathematical functions can be used
to describe the distribution [34, 35]. For a polymer
synthesized by an anionic living polymerization pro-
cess, the molecular weight distribution can be described
by a Poisson distribution function from the statistical
consideration of the polymerization kinetics [35, 36].
Such a distribution can be approximated by a normal or
Gaussian distribution for a very narrow polydispersity
polymer [36]. Many linear homopolymers with very
narrow polydispersity, such as polystyrenes used for
calibration of GPC, belong to this category of polymers.
We focus our efforts on using low mass, narrow poly-
dispersity polystyrenes as the model system to evaluate
the accuracy of the MALDI method. For polystyrenes, a
very sensitive sample preparation method can be used
[19, 21, 22] and this method does not cause polymer
dissociation during the MALDI analysis. In addition,
for polystyrenes with masses less than ;12,000 u, only
the singly charged principal distribution is detected [21,
22].
At present, there are a number of analytical tech-
niques based on separations, osmometry, light scatter-
ing, and spectroscopy that can be used to determine the
molecular weights of polymers [35, 37]. Among them,
GPC has been most widely used to determine the
average molecular weights as well as molecular weight
distributions [35, 37, 38]. However, there are many
factors, including axial dispersion in the column, ad-
sorption and partition effects, and concentration effects,
that can significantly influence the results [35, 37, 38].
Thus, the polymer molecular weight distribution func-
tion determined by GPC may not reflect the true
distribution of the polymer. The Mn and Mw values
derived from GPC are also prone to errors, particularly
in light of the fact that GPC relies on the use of polymer
standards for molecular weight calibration [38]. Other
traditional molecular weight determination methods
also have limitations in providing accurate Mn and Mw
data [35, 37, 38]. Nevertheless, these methods are still
widely used in polymer characterization, particularly in
the application areas where only a general agreement of
the molecular weight data obtained from different
methods is required.
MALDI-TOFMS can potentially provide more accu-
rate molecular weight results than those obtained from
the traditional methods. In light of the above discus-
sion, at present, the accuracy of the MALDI method for
polymer analysis can only be assessed from the mass
spectrometric detection point of view. In evaluating the
accuracy of the MALDI method for a particular appli-
cation, three possible variations, namely a change in the
type of distribution function, broadening or narrowing
of the overall distribution, and truncation of selected
oligomer peaks within a distribution, need to be exam-
ined.
The change of the distribution function can be
caused by any asymmetrical distortion that may occur
during the process of obtaining a polymer mass spec-
trum by MALDI. Such a distortion may be due to mass
dependence of desorption, ionization, and/or detection
of individual oligomers. For example, detector satura-
tion and/or mass dependence of ion-to-electron conver-
sion efficiency in an MCP would result in the loss of
detection sensitivity for the higher mass ions. On the
other hand, background interference from the matrix
and impurities is often more pronounced at the low-
mass region, causing elevation of the spectral baseline
and/or signal overlap with the background ions [12].
This could reduce the detectability of the low-mass
polymer signals, resulting in the skewing of the distri-
bution to the high-mass region. For a very narrow
polydispersity polymer with its molecular weight dis-
tribution represented by a Gaussian distribution, it is
expected that the Mn value will be increased if the
distribution skews to the high mass region or reduced
in the case that the distribution skews to the low-mass
region.
We have examined three narrow polydispersity
polystyrenes with expected Gaussian distributions (see
Table 1). Figure 1A,B shows the mass spectra of poly-
styrene 5050 and polystyrene 7000, respectively. These
spectra were replotted as peak area of individual oli-
gomers versus mass-to-charge ratio and are shown in
Figure 1C,D, respectively. The spectra of Figure 1C, D
are quite symmetric and can be well fitted to the
Gaussian distributions (see the solid lines; the goodness
of fit is indicated by x2 5 0.0156 for polystyrene 5050
and x2 5 0.0201 for polystyrene 7000; x2 5 0 for a
perfect fit with unity weights applied to all original
data). These results demonstrate that, under the exper-
imental conditions used in this work, asymmetric dis-
tortion of the molecular weight distribution function
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did not occur during the MALDI analysis of polysty-
rene 5050 and polystyrene 7000. However, the results
shown in Figure 1 could still be in error due to the
broadening or narrowing of the overall Gaussian dis-
tribution, i.e., symmetric distortion of the distribution.
The exact cause of a symmetric distortion is difficult to
ascertain from the current understanding of the MALDI
process and of the TOFMS ion detection. It could,
however, come from the desorption and ionization
process where mass discrimination has been known to
occur [21, 22]. Fortunately, the extent of this mass
discrimination can be readily probed by experiments
involving the use of polymer blends [21, 22].
To examine any symmetric distortion that may occur
in the MALDI analysis of polystyrene 7000, two blends
of polystyrene 5050/polystyrene 7000 in different pro-
portions (65:35 and 50:50, mole ratios) were prepared
and their spectra were recorded. Figure 2 shows the
plots of peak area versus mass-to-charge ratio for poly-
styrene 7000 and two blends. Because the high-mass tail
of the polystyrene 5050 distribution does not extend
beyond m/z ;8000 (see Figure 1A), the amounts of the
oligomers with m/z . 8000 in the blends should be the
same as those in polystyrene 7000. However, if there is
a mass dependence in the analysis of these oligomers,
the addition of the second component at the low mass
region of the polystyrene 7000 distribution may affect
the analysis of the oligomers with m/z . 8000 [21]. For
example, if mass discrimination occurs in the analysis of
polystyrene 7000 and is caused by detector saturation,
the addition of the low mass oligomers in the blends
will exacerbate detector saturation, resulting in the
reduction of signals for oligomers with m/z . 8000 in
the spectra of the blends.
Figure 2 illustrates that very small changes in peak
areas of the oligomers with m/z . 8000 are observed
for polystyrene 7000 and the blends. To put into per-
spective the magnitude of the changes, Figure 2 also
shows two theoretical curves reflecting the increase and
decrease of the polydispersity by 1% from the polysty-
rene 7000 distribution (PD 1.019). Note that a small
change of polydispersity can translate into a significant
variation in the distribution, because the width of the
Gaussian distribution is related to Mn (PD 2 1)
0.5 [21,
35]. For instance, oligomer peaks are expected to be
present at mass-to-charge ratios from ;3000 to 11000
for the distribution with PD 1.029 and from ;5200 to
9000 for the distribution with PD 1.009, whereas the
mass-to-charge ratio range covered by the distribution
with PD 1.019 is from ;4000 to 10,300. The differences
in relative areas for any given oligomer peaks in the
three Gaussian distributions are also quite large. For
example, the relative intensities for the oligomer at m/z
;8000 are expected to be 76.7%, 65.3%, and 33.8% from
the three distributions with PD 1.029, 1.019, and 1.009,
respectively. It is clear that for symmetric distortion of a
distribution, mass discrimination has to be very severe
to cause any appreciable errors in MALDI analysis. In
Figure 2, the variations of the relative peak areas of
individual oligomers with m/z . 8000 for the two
blends are certainly less than 61% variations indicated
by the two theoretical distributions. From this analysis,
we can conclude that no symmetric distortion of the
distribution is detectable in the MALDI analysis of
polystyrene 7000.
The final consideration of the possible causes of error
in molecular weight measurement is related to the
truncation of some oligomer signals in the mass spec-
Figure 1. MALDI mass spectra of (A) polystyrene 5050 and (B)
polystyrene 7000. Individual peak areas of oligomers from the
MALDI spectra are plotted as a function of mass-to-charge ratio
for (C) polystyrene 5050 and (D) polystyrene 7000. The results of
Gaussian curve fitting are shown as solid lines in (C) and (D).
Figure 2. Spectral comparison of polystyrene 7000 (open circle),
a blend containing 65% polystyrene 7000 and 35% polystyrene
5050 (open triangle), and a blend containing 50% polystyrene 7000
and 50% polystyrene 5050 (plus) (all in mol %). The theoretical
Gaussian distributions derived from the Gaussian fit of the
polystyrene 7000 distribution (solid line) with the increase (dashed
line) and decrease (dash–dotted line) of polydispersity by 1% of
polystyrene 7000 are shown.
278 ZHU ET AL. J Am Soc Mass Spectrom 1998, 9, 275–281
trum because of the limited sensitivity or dynamic
range of the MALDI technique. The relative amounts of
the oligomers in a polymer sample can span a wide
range. In this context, oligomers with low abundance
such as those at the tails of the distribution may not be
detected in a MALDI analysis. A poor sample prepara-
tion protocol can cause reduction of the dynamic range
(see below). This is particularly true if the sample
preparation can cause severe background interference,
in the form of baseline elevation and/or analyte signal
overlap with the background ions. In addition, a
MALDI instrument that is unable to provide highly
sensitive detection of the MALDI ions or is operated
under less than optimal conditions can also reduce the
dynamic range of the MALDI analysis. The dynamic
range of detection can be inferred from examining the
polymer spectrum directly. In the case of polystyrene
7000, the most intense peak (100% relative intensity) is
the peak at m/z 7055. The peak at m/z 4555 is the least
intense peak detectable at the low-mass tail of the
distribution with S/N 3.9. It has a relative intensity of
1.8%. The least intense peak (S/N 3.1) from the high
mass tail of the distribution is at m/z 10,075 with a
relative intensity of 1.4%. All data were the average
values from five trials.
The dynamic range of the MALDI method and the
extent of the oligomer peak truncation can be further
examined by using polymer blends. In this case, the
experiment involved the use of polymer blends pre-
pared from polystyrene 7000 with the addition of small
amounts of polystyrene 5050 or polystyrene 11,600.
Polystyrene 5050 contains oligomers with the same
masses as those of oligomers at the low mass tail of the
polystyrene 7000 distribution, whereas polystyrene
11,600 has peak overlap in the high mass tail of poly-
styrene 7000. A sensitive method should be able to
detect the mass spectral change after a small amount of
a second component is added.
Figure 3A shows the mass spectrum of a blend of
95% polystyrene 7000 and 5% polystyrene 5050 (in mol
%) and Figure 3B shows the expanded spectra from the
blend and polystyrene 7000 at the low mass region.
From Figure 3B, it can be seen that the low-mass tail of
the polystyrene 7000 distribution extends to m/z
;4400. For the blend, this low-mass tail has been
further extended to m/z ;3600. Judging from the
relative intensities of oligomer peaks in the spectrum of
polystyrene 5050 shown in Figure 1A, it can be esti-
mated that the amount of the various oligomers with
masses , ;4400 is less than half of the most abundant
oligomer in polystyrene 5050. If we neglect the small
difference in polydispersity for polystyrene 5050 and
polystyrene 7000, it can be further estimated that these
low mass oligomers are present in the blend with less
than 2.5% of the most abundant at m/z 7055. Yet, these
minor oligomer components are detected in the blend.
Note that the peak at m/z ;4238, which is mainly from
the oligomer present in polystyrene 5050, has a S/N of
9, about threefold above the detection limit of this peak.
For this blend, Mn and Mw are determined by MALDI
to be 7000 (0.2% RSD) and 7155 (0.1% RSD), respec-
tively, from five trials. The polydispersity is found to be
1.022 6 0.001. The theoretical molecular weight data for
the blend can be obtained by considering the relative
intensities of the individual oligomer peaks in the two
polymer components and the weight ratio of the two
components in the blend. They are calculated to be Mn
6977, Mw 7128, and PD 1.022. The uncertainty associ-
ated with the calculated Mn, Mw, or PD is similar to the
respective precision obtained for polystyrene 7000 (see
Table 1). The calculated molecular weight data are in
agreement with the experimental data.
In the case of bi-component polymer blend contain-
ing polystyrene 7000 and a small amount of polystyrene
11,600, it was found that the minor component can be
detected in the mixture of polystyrene 7000 and poly-
styrene 11,600 even at a mole ratio of 100 to 1. This
result suggests that any oligomers with relative con-
tents greater than 1% of the most abundant oligomer in
the high-mass tail of the polystyrene 7000 distribution
should be detected in MALDI. For polystyrene 7000, the
addition of any peaks with intensities less than 1% of
the most abundant peak at both tails of the distribution
does not affect the calculated Mn, Mw, and PD values,
within the experimental precisions.
From the above discussion, it can be concluded that
there are no detectable systematic errors associated
with the average molecular weight determination by
MALDI for polystyrene 7000. The actual error associ-
Figure 3. MALDI mass spectra of (A) a blend containing 95%
polystyrene 7000 and 5% polystyrene 5050 (in mol %) and (B) the
expanded low mass region of polystyrene 7000 (upper spectrum)
and the blend (lower spectrum).
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ated with the Mn and Mw measurement cannot be
determined; but it should be governed by the random
error. Considering that the precision of the technique is
better than 0.5% RSD, we expect that the error of Mn
and Mw measurement by the MALDI method described
in the work is very small.
The utility of the aforementioned method of accu-
racy evaluation can be further demonstrated when it is
applied to evaluate a less ideal MALDI method. In this
case, polystyrene 7000 was analyzed using a MALDI
preparation where lithium hydroxide was purposely
added to the retinoic acid/silver nitrate formulation.
The addition of LiOH reduces the detection sensitivity
and increases the background level at the low mass
region [39]. Figure 4A shows the MALDI spectrum of
polystyrene 7000 obtained by using this less sensitive
method. It can be clearly seen that the signal-to-noise
ratio of this spectrum is relatively poor, compared to
that shown in Figure 1B. The average molecular weight
values are found to be Mn 7166 (0.8% RSD) and Mw
7292 (0.7% RSD) from five trials. Thus, the precision of
the method using this preparation is also degraded.
Note that these Mn and Mw values are significantly
different from those obtained by the more sensitive
method (see Table 1) (99% confidence limit from t-test).
In the absence of any information from the more
sensitive preparation, the less sensitive method can be
evaluated by first considering the shape of the polymer
distribution for polystyrene 7000. Figure 4B plots the
peak area of individual oligomers as a function of
mass-to-charge ratio. This spectrum does not fit to a
Gaussian distribution well, particularly for the low
abundance oligomers (the overall fit has x2 5 0.0522). It
appears to be skewed to the high-mass distribution. For
visual comparison, the curve fit of polystyrene 7000 as
shown in Figure 1D is included in Figure 4B. Because a
Gaussian distribution is expected for this polymer, the
departure from Gaussian distribution suggests that
there could be an error associated with the MALDI
measurement.
To further evaluate the accuracy of the less sensitive
method, the dynamic range of detection is examined. In
the mass spectra of polystyrene 7000 obtained by the
less sensitive method, the m/z 7368 peak is the most
intense peak. The least intense peak in the low mass
region of the distribution is at m/z 5076 and has a
relative intensity of 5.2% and a S/N of 4.0. The peak at
m/z 9555 has a relative intensity of 4.7% and a S/N of
4.4. These data suggest the possible truncation of the
peaks from low abundance oligomers in the distribu-
tion. To confirm this notion, two bicomponent blends
containing polystyrene 7000 and a second polymer
component were prepared as before. The expanded
mass spectra in the region of interest (not shown)
indicate that, with the addition of 5% polystyrene 5050
to polystyrene 7000, the MALDI method is still not
sensitive enough to extend the detection of oligomers to
lower masses beyond those from polystyrene 7000.
Similarly, very little signal from polystyrene 11,600 is
detected in the blend containing polystyrene 7000 and
polystyrene 11,600 in a mole ratio of 100 to 2. This
reduced dynamic range can be attributed to both a
decrease in detection sensitivity for the oligomers and
an increase in background noise level. Thus, from the
combined results, namely asymmetric distortion of the
polymer distribution and truncation of the oligomer
distribution, we can conclude that the Mn and Mw
values determined by the MALDI method using this
less sensitive sample preparation are not accurate.
The method of assessing accuracy from the mass
spectrometric detection point of view, as described
herein, should be applicable to other polymers. Poly-
mers of narrow polydispersity can be prepared using
GPC fractionation of a polydisperse polymer. In mak-
ing the blends, it is preferable to choose a minor
polymer component having some oligomer overlap
with the major component. This closeness in masses
would avoid the potential problem of mass discrimina-
tion which has been observed for polydisperse poly-
mers [21, 22]. Another important consideration in ap-
plying this method of accuracy analysis to other
polymers is related to the reproducibility of the tech-
nique. The sample and matrix preparation as well as the
instrumental measurement should be optimized to
achieve high precision. This is important for compari-
son of the results from different experiments with
Figure 4. (A) MALDI mass spectra of polystyrene 7000 obtained
under the same conditions as those used in Figure 1B except that
LiOH was added to the sample preparation. (B) Plot of individual
peak areas of oligomers as a function of mass-to-charge ratio and
the Gaussian fit from Figure 1D.
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statistical significance. Furthermore, the accuracy is
ultimately limited by the precision of the method.
Determination of the accuracy of a MALDI method
has other implications. It is well known that there are
many variables in MALDI-TOFMS that can affect mo-
lecular weight determination [21–29]. Because of differ-
ences in instrumental design, method of sample prep-
aration, and skill of the operator, interlaboratory
comparison of molecular weight data obtained under
diverse experimental conditions must be attempted
with great care. To facilitate such a comparison, it is our
view that each method to be included in such an
exercise should be first qualified with a set of perfor-
mance indicators such as resolution, precision, and
accuracy. Confirmation of the MALDI method provid-
ing accurate molecular weight data for polymers also
has a significant implication in the understanding and
further development of other molecular weight charac-
terization methods such as GPC. Up to now, theoretical
treatment of band broadening and other chromato-
graphic behaviors for polymers cannot be rigorously
tested [35, 38]. The use of a polymer standard with
known distribution should open new opportunities to
address these fundamentally important issues. A com-
parative study of determining Mn, Mw, and PD of
narrow polydispersity polymers by MALDI and GPC
will be reported elsewhere.
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